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Poorly represented in this category are synthetically useful polar monometallated derivatives which can be subsequently utilised for framework functionalization. Many monometallated ferrocenes and ruthenocenes in the Cambridge Structural Database (CSD) 3 involve metals (e.g. Al, Ge, Sn, W and Zr) that have been put there via reaction of a preformed polar intermediate and a metal salt via an indirect metathetical approach. 4 Such is the sparse volume of definitive structural data available on these types of monometallated compounds, there are no examples at all of structurally defined molecules where an alkali metal or alkaline-earth metal is directly attached to the Cp ring. Earlier we reported the lithium triferrocenylzincate [Li (THF) 4 ] + [Zn(Fc) 3 ] − (where Fc = C 5 H 5 FeC 5 H 4 ), but this has a solvent(THF)-separated structure in which there are no Li···C(Fc) contacts. 5, 6 Though bimetallic foundations of organometallic chemistry were laid over 150 years ago, 7 their status as versatile chemical reagents has risen remarkably over the past few years with many notable innovations made in organic synthesis, 8 host-guest macrocyclic chemistry, 9 structural science, 10 and polymerisation chemistry. 11 Applying bimetallic formulations to metallocene chemistry, we previously reported the application of lithium-mediated zincation to ferrocene metallation and although, as mentioned above, lithium ferrocenylzincate compounds were produced, no examples were obtained in which both metals (lithium and zinc) are involved in the coordination of the ferrocenyl anion. In his masterwork on "Organometallics in Synthesis" Schlosser reminds us that "the individuality of the metal is the most critical parameter for designing tailor-made organometallic reactions", so by extrapolation this must be even more significant in the context of bimetallic formulations. 12 Therefore in this paper we introduce "potassium-mediated zincation (KMZn)" to metallocene chemistry and, echoing Schlosser's comments, find that the reactions yield potassium ferrocenylzincate and potassium ruthenocenylzincate products with unique structures different from each other and from the aforementioned lithium ferrocenylzincate.
To colourless crystals in a yield of 60% and was characterised in solution by 1 H and 13 C NMR spectroscopy and in the solid state by X-ray crystallography.
‡ The Me groups appear equivalent in the 1 H NMR spectrum of 1, as the resonance associated with them comes as a broad peak at −0.35 ppm, which represents a downfield shift of 0.17 ppm compared to the spectrum of the homometallic reagent Me 2 Zn ( = −0.52 ppm) in deuterated benzene solution. 
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The molecular structure of 1 is isostructural to that of its ethyl analogue. 13 Note that there are four, nearly identical, independent molecules of 1 in the asymmetric unit of the crystal structure. Though the precision of 1 is relatively low as a result of imperfectly resolved twinning, limiting any detailed comparison of bond lengths and angles, the molecular connectivity within 1 is unambiguous. Possessing one terminal methyl group on zinc, bridging TMP and methyl ligands to the potassium and zinc centres generating a fourelement (KNZnC) ring, the base is completed by a tridentate PMDETA ligand coordinated to the alkali metal via its three N donor atoms. Base 1 was first tested with ferrocene to assess its ability as a zincating reagent (Scheme 2). A set of orange crystals was isolated and characterised by 1 H and 13 C NMR spectroscopy and also by X-ray crystallography as the polymeric compound Figs. 2 and 3) , obtained in an isolated yield of 46%. In the monomer unit, unlike 1 where the TMP is bridging the potassium and zinc metal centres, the mono-zincated ferrocene in 2 is now at the terminal position with two smaller methyl groups bridging the Currently there is a dearth of solid-state structures of metallated ruthenocenes within the CSD. There are only four examples of monometallated ruthenocene structures, 15, 16 two of which were prelithiated and reacted onwards with metal salts to make platinum derivatives. 15 Therefore KMZn seemed an ideal vehicle from which to add to the number of informative crystal structures of this type. Carried out with the purpose of obtaining crystalline material as opposed to reaction optimisation, base 1 was reacted with one molar equivalent of ruthenocene in hexane solution. Crystallisation was duly realised in the form of the pale yellow product [{PMDETA.K( -Me) 2 Zn(Rc)} 2 ], 3 (Rc = C 5 H 5 RuC 5 H 4 ), isolated in a clean first batch yield of 39%. Mono-zincated ruthenocene 3 was characterised by a combination of 1 H/ 13 C NMR spectroscopic and X-ray crystallographic studies. To the best of our knowledge 3 represents the first crystallographically-characterised ruthenocene structure containing zinc made via any synthetic procedure (indirect metathesis or direct zincation). It is a centrosymmetric molecular dimer. In both cases of monozincation, reagent 1 acts as an amido base with loss of TMPH into the reaction mixture. DFT studies by Uchiyama et al. on zincate chemistry suggest that the free amine generated from the initial metallation step could react onwards, in a second step, with the alkyl substituent, in these cases with a methyl group to eliminate methane and reincorporate a TMP anion into the structures. 17 In both of the isolated crystalline species 2 and 3, no TMP is found, indicating possibly that the metals in these structures are so sterically encumbered that there is no room for TMPH to ligate to either K or Zn and to protonate the Me group.
In summary, ferrocene and ruthenocene can be monozincated by potassium-mediated zincation. The role of potassium in the aggregation of the monomer units of the structures produced is crucial. Interacting with the zincated ferrocene Cp ring in a 5 --contact results in a supramolecular step-ladder, whereas dimerisation is the aggregation of choice with the monozincated ruthenocene compound via 1 (Cp) and C(Me) intermolecular contacts to K. The profound influence of potassium on these unique structures calls for a systematic study of how different alkali metals affect the supramolecularity of alkali-metal-mediated metallated (by Zn, Mg, Mn etc) metallocenes. 95 We thank the UK EPSRC for their generous sponsorship through the grant awards EP/D076889/1 and EP/F03637X/1 and the Royal Society/Wolfson Foundation for a research merit award to REM. This research was also supported by a Marie Curie Intra European Fellowship within the 7th European Community Framework Programme (for PGA). 
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